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(57) [PROBLEM] To create a running curve which is
closer to an optimum solution at high speed.

[SOLVING MEANS] A running curve creation device
of an embodiment is a running curve creation device to
create a running curve which can make a train having a
prescribed vehicle characteristic run between a pre-
scribed departure station and a prescribed arrival station
in a prescribed running time with a smaller cumulative
energy consumption. A shortest time running curve cre-
ation unit creates a shortest time running curve in which
the train runs between the stations in a shortest time,

based on predetermined vehicle information and ground
information of the train, and an energy saving running
curve creation unit selects from the shortest time running
curve and a plurality of solution candidates correspond-
ing to states of the train at each prescribed elapsed time
since the train has departed from the departure station,
a solution candidate having the relatively small cumula-
tive energy consumption in the prescribed running time,
and creates an energy saving running curve based on
the selected solution candidate.
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Description

CROSS-REFERENCE TO RELATED APPLICATION

[0001] This application is based upon and claims the benefit of priority from the prior Japanese Patent Application No.
2013-151104, filed on July 19, 2013; the entire contents of which are incorporated herein by reference.

TECHNICAL FIELD

[0002] The present embodiment relates to a running curve creation device, a running curve creation method and a
running curve control program.

BACKGROUND ART

[0003] Further energy saving (hereinafter, simply called energy saving) has been demanded for a railway with excellent
energy efficiency, due to power shortage in recent years. That is, the energy saving in a railway is to change an auxiliary
machine such as air-conditioning and lighting to an equipment with excellent energy efficiency, and to reduce energy at
the time of running of a train, and so on. Particularly, the energy saving at the time of running of a train has been
considered since long ago, and it has variously been discussed in the reference documents listed below.

PRIOR ART DOCUMENT

PATENT DOCUMENT

[0004]

Patent Document 1: Japanese Patent Application Publication No. Hei 8-156794
Patent Document 2: Japanese Patent Application Publication No. Hei 7-165080

NON-PATENT DOCUMENT

[0005]

Non-Patent Document 1: "Ichikawa: Optimization of Train Operation, the Japan Society of Mechanical Engineers
Collected Papers (Part 1) Vol. 34 No.258 (1968)"
Non-Patent Document 2: "Yamasaki, Kunikata: Optimum Running Curve Calculation by Dynamic Programming,
Cybernetics (1968)"
Non-Patent Document 3: "Kawashima, Furumura, Matsumoto, Takaoka: Creation of Optimum Train Operation Sys-
tem and Proposal of Correcting Method, the Institute of Electrical Engineers of Japan (1990)"
Non-Patent Document 4: "Takagi, Sone: Research on Energy Saving Operation Pattern for Train Group Control,
the Institute of Electrical Engineers of Japan (1992)"
Non-Patent Document 5: "Koseki, Yo: Application of Dynamic Programming to Optimization of Energy Saving Run-
ning curve and Problem on Numerical Calculation, the Institute of Electrical Engineers of Japan (2002)"
Non-Patent Document 6: "Miyatake, Koh: Method of Solving Optimization Problem of Train Running curve using
Dynamic Programming, the Institute of Electrical Engineers of Japan (2004)"

[0006] Generally, the following three policies are taken in many cases, in the energy saving relating to an operation
of a train.

(1) To accelerate a train at a maximum acceleration at the time of departing from a departure station.
(2) To preferably increase coasting (inertia running) within a speed limitation.
(3) To decelerate a train at a maximum deceleration at the time of reaching a station.

[0007] Regarding these fundamental policies, various energy saving running curve creation methods have been pro-
posed so far. In order to create a running curve based on these fundamental policies, many methods to create a running
curve by a heuristic have been proposed. However, in a case that a speed limitation is simple such as one maximum
speed exists between stations, and in a case that a running time is larger compared with a shortest time, a running curve
close to an optimum running curve can be obtained even by a heuristic. However, in a case that the speed limitation
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between stations is complicated, when a running curve is created by a heuristic, there is a case that a solution cannot
be obtained, or only a solution may be obtained in which the energy consumption is considerably larger than an optimum
solution. For the reason, a method which can obtain a solution close to an optimum solution has been desired, even if
a given speed limitation and gradient are complicated.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008]

[Fig. 1] Fig. 1 is a schematic configuration diagram of a running curve creation device.
[Fig. 2] Fig. 2 is a schematic configuration diagram of the running curve creation device when it is configured by a
personal computer.
[Fig. 3] Fig. 3 is an explanation diagram of a format and a data example of the ground information data.
[Fig. 4] Fig. 4 is an explanation diagram of a format and a data example of the vehicle information data.
[Fig. 5] Fig. 5 is a diagram showing a creation operation and a pruning operation in a combinational optimization
problem.
[Fig. 6] Fig. 6 is a processing flow chart of an embodiment.
[Fig. 7] Fig. 7 is a creation processing flow chart of a shortest time running curve.
[Fig. 8] Fig. 8 is an explanation diagram of a usable condition of a maximum acceleration and a maximum deceleration.
[Fig. 9] Fig. 9 is a processing flow chart of a creation processing of an acceleration limit curve.
[Fig. 10] Fig. 10 is a processing flow chart of a creation processing of a deceleration limit curve.
[Fig. 11] Fig. 11 is a processing flow chart of a creation processing of a shortest time running curve.
[Fig. 12] Fig. 12 is a processing flow chart of a creation processing of an energy saving running curve.
[Fig. 13] Fig. 13 is an (x - t) graph wherein a time is taken on a horizontal axis and a position of a train is taken on
a vertical axis.
[Fig. 14] Fig. 14 is an explanation diagram of a velocity condition.
[Fig. 15] Fig. 15 is an explanation diagram of a quantization processing.
[Fig. 16] Fig. 16 is an explanation diagram of a format and a data example of the storage data of the running curve
creation result storage unit.
[Fig. 17] Fig. 17 is a diagram of a running curve which has been visualized, based on the storage data of the running
curve creation result storage unit.
[Fig. 18] Fig. 18 is a diagram showing an example of the running curve to be displayed on a display.

EMBODIMENT TO PRACTICE THE INVENTION

[0009] A running curve creation device of an embodiment creates a running curve which can make a train having a
prescribed vehicle characteristic run between a prescribed departure station and a prescribed arrival station in a pre-
scribed running time with a smaller cumulative energy consumption.
[0010] And, a shortest time running curve creation unit creates a shortest time running curve in which the train runs
between the stations in a shortest time (shortest running time), based on predetermined vehicle information and ground
information of the train.
[0011] By this means, an energy saving running curve creation unit selects, from the shortest time running curve and
a plurality of solution candidates corresponding to states of the train at each prescribed elapsed time since the train has
departed from the departure station a solution candidate having the relatively small cumulative energy consumption in
the prescribed running time, and creates an energy saving running curve based on the selected solution candidate.
[0012] A running curve creation device of an embodiment can provide a running curve creation device capable of
creating a running curve closer to an optimum solution at high speed.
[0013] Next, further detailed embodiments will be described in detail with reference to the drawings.
[0014] Fig. 1 is a schematic configuration block diagram of a running curve creation device.
[0015] A running curve creation device 10 is provided with a ground information storage unit 11 which previously stores
ground information data described later to become necessary for creating a running curve, a vehicle information storage
unit 12 which previously stores vehicle information data described later to become necessary for creating the running
curve, a running curve input processing unit 13 which inputs various data such as vehicle information, between-station
information, running time information, acquires the ground information data to become necessary for creating the running
curve based on the inputted data from the ground information storage unit 11, and acquires the vehicle information data
from the vehicle information storage unit 12, a shortest time running curve creation unit 14 which creates a shortest time
running curve for running a train between designated stations in a shortest time, by a vehicle condition designated based
on the various data inputted from the running curve input processing unit 13, an energy saving running curve creation



EP 3 023 314 A1

4

5

10

15

20

25

30

35

40

45

50

55

unit 15 to create an energy saving running curve which makes a train run between the designated stations in the
designated running time based on the shortest time running curve, and can achieve energy saving, a running curve
creation result storage unit 16 which stores the shortest time running curve which the shortest time running curve creation
unit 14 has created, and the running curve which the energy saving running curve creation unit 15 has created, and a
running curve creation result display unit 17 to display the running curve creation result which the energy saving running
curve creation unit 15 has created.
[0016] In the present embodiment, it is supposed that the running curve is created by a general-purpose personal
computer or the like.
[0017] Fig. 2 is a schematic configuration block diagram of the running curve creation device when it is configured by
a personal computer.
[0018] As shown in Fig. 2, the running curve creation device 10 is provided with an MPU 21 which is configured as a
microcomputer to control the whole running curve creation device, and functions as the running curve input processing
unit 13, the shortest time running curve creation unit 14 and the energy saving running curve creation unit 15, a ROM
22 which stores various data including a control program in a non-volatile manner, a RAM 23 which is used as a working
area of the MPU 21, and temporarily stores various data, an external storage device 24 which is configured as a hard
disk drive device (HDD) or the like, and functions as the ground information storage unit 11, the vehicle information
storage unit 12 and the running curve creation result storage unit 16, an IC card reader/writer (R/W) 26 which is readable
and writable various data to an IC memory that is a semiconductor storage device, and can function as the running curve
input processing unit 13, a keyboard 27 from which an operator can input various information, and which can function
as the running curve input processing unit 13, a display 28 which is configured as a liquid crystal display, an organic EL
display or the like, and can function as the running curve creation result display unit 17, and a communication interface
(I/F) 29 which performs an interface operation of communication via a communication network such as Internet, a LAN
not shown, and can function as the running curve input processing unit 13.
[0019] Here, a format and a data example of the storage data in each of the ground information storage unit 11 and
the vehicle information storage unit 12 will be described.
[0020] To begin with, a format and a data example of the ground information data stored in the ground information
storage unit 11 will be described.
[0021] Fig. 3 is an explanation diagram of a format and a data example of the ground information data.
[0022] When broadly divided, ground information data 30 which is stored in the ground information storage unit 11
includes ground ID data 31 for specifying the ground information data, station related data 32 including station related
information corresponding to the relevant ground information data 30, speed limitation data 33 as information relating
to speed limitation between the stations corresponding to the station related data 32, and gradient data 34 as information
relating to a gradient between the stations corresponding to the station related data.
[0023] The station related data 32 includes between-station information data 35 corresponding to the ground ID data
31, and between-station distance data 36 corresponding to the ground ID data 31.
[0024] More specifically, the between-station information data 35 indicates to go from A station toward B station, and
the between-station distance data 36 indicates that a between-station distance in the case of going from A station toward
B station is 1500 m.
[0025] With respect to a limitation of a speed between the stations specified by the station related data 32, the speed
limitation data 33 includes starting point data 37 indicating a starting point of a speed limitation section where a speed
limitation is imposed, end point data 38 indicating an end point of the speed limitation section, and speed data 39
indicating an upper limit speed in the relevant speed limitation section.
[0026] The starting point data 37 indicates a distance from a departure station to a starting point position of the speed
limitation section, when the departure station (in the above-described case, A station) is set to 0 m.
[0027] In addition, the end point data 38 indicates a distance from the departure station to an end point position of the
speed limitation section, when the departure station is set to 0 m.
[0028] In addition, an upper limit speed value in the corresponding speed limitation section is stored in the speed data 39.
[0029] Specifically, in the case of the example of Fig. 3, regarding the speed limitation section, there are four sections
between A station that is the departure station and B station that is the arrival station, and a first section is a section
from a position (distance 0 m) of A station that is the departure station to a position of 500 m therefrom, and the upper
limit speed value is 25 m/sec.
[0030] Similarly, a second section is a section from a position of 500 m from the departure station to a position of 750
m therefrom, and the upper limit speed value is 23 m/sec. A third section is a section from a position of 1000 m from the
departure station to a position of 1300 m therefrom, and the upper limit speed value is 20 m/sec. A fourth section is a
section from a position of 1300 m from the departure station to a position of 1500 m (the position of B station that is the
end point station) therefrom, and the upper limit speed value is 20 m/sec.
[0031] The gradient data 34 includes all gradient information from the departure station to the arrival station, and is
provided with starting point data 40 indicating a starting point of a section where a gradient is continuously constant,
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end point data 41 indicating an end point of the section where the relevant gradient is continuously constant, and gradient
value data 42 indicating a gradient value in the relevant gradient constant section.
[0032] Specifically, in the case of an example of Fig. 3, regarding the gradient constant section, there are three sections
between A station and B station, and a first section is a section from a position (distance 0 m) of A station that is the
departure station to a position of 1000 m therefrom, and the gradient value is 0‰.
[0033] Similarly, a second section is a section from a position of 1000 m from the departure station to a position of
1300 m therefrom, and the gradient value is 2‰. A third section is a section from a position of 1300 m from the departure
station to a position (the position of B station that is the arrival station) of 1500 m therefrom, and the gradient value is 0‰.
[0034] Next, a format and a data example of the vehicle information data stored in the vehicle information storage unit
12 will be described.
[0035] Fig. 4 is an explanation diagram of a format and a data example of the vehicle information data.
[0036] Vehicle information data 50 stored in the vehicle information storage unit 12 includes vehicle ID data 51 for
specifying a railway vehicle, type data 52 indicating a driving type of the railway vehicle, vehicle body weight data 53
indicating a weight of a vehicle body, riding rate data 54 indicating a riding rate which is supposed at the time of creating
a running curve, formation vehicle number data 55 indicating the number of the railway vehicles in a formation, train
length data 56 indicating a train length, and notch characteristic ID data 57 for specifying notch characteristic of a master
controller mounted on the relevant railway vehicle.
[0037] Specifically, in the case of the example of Fig. 4, the vehicle ID data 51 = 5, the type data 52 indicates that a
driving type of the railway vehicle is a VVVF system, the vehicle body weight data 53 indicates that the vehicle body
weight is 10 t, the riding rate data 54 indicates that a riding rate which is supposed at the time of creating a running curve
is 50%, the formation vehicle number data 55 indicates that the number of the vehicles in a formation is 10, the train
length data 56 indicates that a train length is 200 m, and the notch characteristic ID data 57 indicates that the notch
characteristic ID of the master controller mounted on the relevant railway vehicle = 5.
[0038] Next, prior to explaining an operation of the embodiment, a principled thinking of the embodiment will be
described.
[0039] An energy saving running curve of a train has an equation of motion including a running resistance and a
gradient resistance, and so on as constraints, and two-point boundary values wherein a state (initial state) at a departure
station (t, v, x) = (0, 0, 0), and a state (terminal state) at an arrival station (t, v, x) = (T, 0, X), which are expressed by an
elapsed time t after departure, a velocity v and a distance x from the departure station.
[0040] Here, T is an elapsed time required for a train to run from the departure station to the arrival station, and X is
a distance between the departure station and the arrival station.
[0041] On the other hand, an evaluation function can be obtained by solving an optimum control problem for a total
sum E (cumulative energy consumption) of energy which is consumed between a departure station and an arrival station.
At this time, a control variable to designate a motion of a train becomes a notch to designate acceleration, deceleration.
A train which is spreading widely at present realizes acceleration and deceleration of the train by a plurality of notches,
and a running curve can be regarded as a multistage decision-making problem as to which notch is to be selected for
operation at each time.
[0042] By the way, a matter which generally becomes a problem at the time of solving a multistage decision-making
problem is a combinational explosion of solution candidates.
[0043] Hereinafter, the combinational explosion will be described briefly.
[0044] For example, there are ten choices of a notch, and when a running curve in a running time 100 seconds is
created while a minimum control time unit is set to 1 second, a solution to satisfy the constraint has to be found from
solution candidates of 10100. It is impossible to find a solution to satisfy the constraint one by one from these within a
realistic time range.
[0045] Accordingly, as a method to solve a problem of this combinational explosion, a searching method of an optimum
solution using dynamic programming has been proposed.
[0046] Creation of a running curve using dynamic programming is a method in which a state of (time, velocity, position)
of a train is defined on a lattice point, and which searches a route of the lattice points in which the cumulative energy
consumption becomes the smallest. At this time, when a plurality of routes to reach a certain state (t, v, x) exist, only a
route in which the cumulative energy consumption is the smallest is stored, and the search is continued. When dynamic
programming is used, a state space is previously divided in a lattice manner, but generally, it rarely occurs to move from
a lattice point to another lattice point. For the reason, when it is not on a lattice point, any correction is made, and thereby
it is assumed to have moved to a lattice point. In this method, when corrections to a lattice point increase, there is a
problem that an error increases compared with an optimum solution.
[0047] Accordingly, in the present embodiment, a method is proposed which does not list up the whole of solution
candidates of a multistage decision-making problem, but while checking (pruning) whether to be cable of becoming a
candidate for a feasible solution at each stage (time), generates a solution candidate each time the stage is advanced.
[0048] Here, pruning is a general-purpose method for solving a combinational optimization problem which is known
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in the field of operations research. That is a method which generates a solution candidate in a generation operation,
prunes a solution candidate incapable of becoming an optimum solution, and deletes such a solution candidate from a
list of solution candidates. An optimum solution is searched, while repeating the generation operation and the pruning
operation. This method is thinking similar to total enumeration, but it is more effective than the total enumeration method
in that searching is not performed for one incapable of becoming a solution candidate.
[0049] Fig. 5 is a diagram showing a generation operation and a pruning operation in the combinational optimization
problem.
[0050] Specifically, when a state is a velocity V0, a position X0, at an elapsed time t = 0, regarding the conceivable
state, at an elapsed time t = 1 after a minimum control time unit has elapsed, a first state is a velocity V1, a position X1,
a second state is a velocity V2, a position X2, a third state is a velocity V3, a position X3, but when evaluation of the
relevant third state or three states (velocity V10, position X10), (velocity V11, position X11), (velocity V12, position X12)
at an elapsed time t = 2 which have transited from the relevant third state is performed, when an evaluation value required
for making transition cannot be obtained (when improbable as a solution candidate), pruning is performed and the
following search is not performed. However, since a pruning operation changes depending on a problem to be solved,
it has to be properly set according to the problem.
[0051] Hereinafter, a specific operation including a generation operation and a pruning operation will be described.
[0052] Fig. 6 is a processing flow chart of the embodiment.
[0053] To begin with, the ground information, the vehicle information and a running time T are acquired from the
running curve input processing unit 13 (step S101).
[0054] That is, when creating a running curve, it is necessary to input what between-station of a route (it is necessary
to discriminate a case to advance from A station to B station, and a case to advance from B station to A station), by
what vehicle, and in what running time T, a train is made to run.
[0055] Here, regarding inputting of various data such as the vehicle information, the between-station information, the
running time, it is thought that a setting file stored in an IC card 25 is read by the IC card R/W 26, or the data is inputted
from a setting file received via the communication I/F 29, or the data is directly inputted via a keyboard 27 or the like.
[0056] When the various data such as the vehicle information, the between-station information, the running time
information is inputted to the running curve input processing unit 13, the running curve input processing unit 13 acquires
data necessary for creating a running curve, with reference to the ground information storage unit 11 and the vehicle
information storage unit 12, and based on the inputted vehicle information and between-station information.
[0057] Subsequently, the MPU 21 functioning as the shortest time running curve creation unit 14 receives data nec-
essary for creating a running curve from the running curve input processing unit 13, and creates a running curve of a
shortest time between the inputted stations (step S102).
[0058] Fig. 7 is a creation processing flow chart of a shortest time running curve.
[0059] When roughly classified, the creation processing of a shortest time running curve is configured to be provided
with a creation processing of an acceleration limit curve (step S201), a creation processing of a deceleration limit curve
(step S202) and a creation processing of a shortest time running curve by a pruning algorithm (step S203).
[0060] Hereinafter, this will be specifically described.
[0061] In order to create a shortest time running curve, it is necessary to obtain a solution of a shortest time control
having an initial condition and a terminal condition. Generally, the shortest time control is controlled by a maximum
acceleration or a maximum deceleration, that is called bang-bang control. However, since a speed limitation mainly by
a position is applied at the time of operating a train, a train is not necessarily be controlled by only a maximum acceleration
and a maximum deceleration. Accordingly, a range in which a train can be moved by a maximum acceleration or a
maximum deceleration is obtained.
[0062] Fig. 8 is an explanation diagram of a usable condition of a maximum acceleration and a maximum deceleration.
[0063] Cases in which a maximum acceleration and a maximum deceleration can be used at the time of operating a
train are four cases of case 1 - case 4, as shown in Fig. 8.

Case 1: to use a maximum acceleration when departing from a departure station
Case 2: to use a maximum deceleration when arriving at an arrival station
Case 3: to use a maximum acceleration when a speed limit increases in the traveling direction
Case 4: to use a maximum deceleration when a speed limit decreases in the traveling direction

[0064] In Fig. 8, a right upward line shows a case in which a train is moved at a maximum acceleration, and a right
downward line shows a case in which a train is moved at a maximum deceleration.
[0065] Only one state of Case 1 and only one state of Case 2 inevitably exist in one between-station.
[0066] In contrast, since there is a possibility that a plurality of states of Case 3 and a plurality of states of Case 4 exist
in one between-station, it is necessary to calculate an acceleration limit curve and a deceleration limit curve for the whole
of them.



EP 3 023 314 A1

7

5

10

15

20

25

30

35

40

45

50

55

[0067] Firstly, a variable ST shown in Fig. 9 and Fig. 10 will be described using Fig. 8.
[0068] To begin with, it is assumed that a velocity limitation is given by a following struct array.

          struct velocity_limitation {
           double position; // starting position of velocity
      limitation
           double velocity; // velocity limit after the above-
      described starting positon
          };

[0069] In Fig. 8,
struct velocity_limitation ST[3]
= {{0, vmax}, {x1, v2}, {x2, vmax}};
[0070] Here, it is assumed that the smaller an index of the struct is, the smaller the starting position becomes, such
as ST[0].position < ST[1].position < ST[2].position < ST[3].position.
[0071] Next, positions to become targets of an acceleration limit curve and a deceleration limit curve are detected.
[0072] The followings are set by default.
a target position of the acceleration limit curve = 0; // Case1
a target velocity of the acceleration limit curve = 0; // Case1
a target position of the deceleration limit curve = X; // Case2 (a distance from the departure station to the arrival station)
a target velocity of the deceleration limit curve = 0; // Case:2
[0073] Regarding others, positions which coincide with the following conditions are set as target positions of the
acceleration limit curve and the deceleration limit curve.

               for (int i = 1; i < sizeof(ST)/sizeof(ST[0]); i++)
 {
 if (ST[i-1].velocity < ST[i].velocity) {
      a target position of the acceleration limit curve =
      ST[i].position; // Case3
      a target velocity of the acceleration limit curve = ST[i-
 1].velocity; // Case3
} else {

      a target position of the deceleration limit curve =
      ST[i].position; // Case4
      a target velocity of the deceleration limit curve =
      ST[i].velocity; // Case3
}
}

[0074] In Fig. 9, regarding the target positions and the target velocities necessary for creating an acceleration limit
curve, all target positions and target velocities which satisfy the above-described conditions in Case 1 at the time point
of departing from a station of default, and in cases in which a plurality of velocity limitations exist, are set in the array ST.
[0075] Similarly, in Fig. 10, regarding the target positions and the target velocities necessary for creating a deceleration
limit curve, all target positions and target velocities which satisfy the above-described conditions in Case: 2 at the time
point of arriving at a station of default, and in cases in which a plurality of velocity limitations exist, are set in the array ST.
[0076] Specifically, Fig. 8 is taken as an example,
in the case of the acceleration limit curve,
struct velocity_limitation ST[2] = {{0, 0}, {x2, v2}};
and in the case of the deceleration limit curve,
struct velocity_limitation ST[2] = {{xl, v2}, {X, 0}};
[0077] In the acceleration limit curve creation processing (step S201), to begin with, (velocity, position) is calculated
when the maximum acceleration and the maximum deceleration are used.
[0078] Each curve in the case 1 - the case 4 shown in Fig. 8 shall be called an acceleration limit curve or a deceleration
limit curve.
[0079] By the way, the acceleration limit curve can easily be obtained by giving an initial condition of a velocity and a
position of a case to use a maximum acceleration.
[0080] Fig. 9 is a processing flow chart of a creation processing of an acceleration limit curve.
[0081] To begin with, a variable s is initialized, and is set to 0 of an initial value (step S401).
[0082] Next, a target position of the acceleration limit curve, that is, an acceleration elapsed time i = 0, an initial velocity
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in the acceleration limit curve v(0) = ST[s].velocity and an initial position x(0) = ST[s].position are set (step S402).
[0083] Next, 1 is added to the time i (step S403).
[0084] Subsequently, a state (v(i), x(i)) at the time i is calculated by solving the equation of motion by a maximum
acceleration notch (corresponding to a notch position capable of obtaining a maximum acceleration) (step S404).
[0085] Next, whether the velocity v(i) at the time i has exceeded a velocity limit vmax, that is v(i) > vmax, or whether
or not the position x(i) at the time i has exceeded the target position ST[s].position is discriminated (step S405).
[0086] In the discrimination of the step S405, when the velocity v(i) at the time i does not exceed the velocity limit
vmax, and the position x(i) at the time i does not exceed the target position ST[s].position (step S405; No), the processing
is transferred to the step S403 again, and then the similar processing is repeated.
[0087] In the discrimination of the step S405, when the velocity v(i) at the time i exceeds the velocity limit vmax, or
the position x(i) at the time i exceeds the target position ST[s].position (step S405; Yes),
whether or not the target position of the acceleration limit curve is reached is discriminated, that is, whether or not 

is discriminated (step S406).
[0088] In the discrimination of the step S406, when the target position of the acceleration limit curve is not reached
(step S406; No), 1 is added to the variable s (step S407), and the processing is transferred to the step S402 again, and
then the similar processing is repeated.
[0089] In the discrimination of the step S406, when the target position of the acceleration limit curve is reached (step
S406; Yes), the creation processing of the acceleration limit curve is finished.
[0090] Next, the deceleration limit curve is calculated in the same manner as the calculation of the acceleration limit
curve (step S202).
[0091] In the present embodiment, in the case of the deceleration limit curve, an initial condition which satisfies a
terminal condition is searched with an iteration method. Generally, since it is almost impossible to accurately coincide
with a terminal condition, allowable ranges (ε and δ) are given to a terminal condition, and an initial condition to satisfy
the range is obtained.
[0092] Fig. 10 is a processing flow chart of a creation processing of a deceleration limit curve.
[0093] To begin with, the variable s is initialized and is set to 0 of an initial value, a variable a is initialized and is set
to 0 of an initial value, and a variable b = ST[s].position, a variable Distance = ST[s].position (step S501).
[0094] Next, a target position of the deceleration limit curve, that is, a deceleration elapsed time i = 0, an initial velocity
in the deceleration limit curve v(0) = vmax and an initial position x(0) = (a + b)/2.0 are set (step S502).
[0095] Next, 1 is added to the time i (step S503).
[0096] And, a state of the train at the time i is calculated by solving the equation of motion by a maximum deceleration
notch (step S504).
[0097] Subsequently, whether or not the velocity v(i) at the time i satisfies the following equation corresponding to the
allowable value ε (step S505).

[0098] In the discrimination of the step S505, when ε ≤ v(i) (step S505; No), the processing is transferred to the step
S503 again, and then, the similar processing is performed.
[0099] In the discrimination of the step S505, when 0 ≤ v(i) < ε (step S505; Yes), whether or not the position x(i) at the
time i satisfies the following equation corresponding to the allowable value δ (step S506).

[0100] In the discrimination of the step S506, when |x(i) - Distance | ≥ δ (step S506; No), whether or not x(i) < Distance
is discriminated (step S507).
[0101] In the discrimination of the step S507, when x(i) < Distance (step S507; Yes), a = (a + b)/2.0, and the processing
is transferred to the step S502 again, and then, the similar processing is performed (step S508).
[0102] In the discrimination of the step S507, when x(i) ≥ Distance (step S507; No), b = (a + b)/2.0, and the processing
is transferred to the step S502 again, and then, the similar processing is performed (step S509).
[0103] On the other hand, in the discrimination of the step S506, when |x(i) - Distance)| < δ (step S506; Yes), whether
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or not the target position of the deceleration limit curve has been reached is discriminated, that is, whether or not s =
sizeof(ST[s])/sizeof(ST[0]) is discriminated (step S510).
[0104] In the discrimination of the step S510, when the target position of the deceleration limit curve has not been
reached (step S510; No), 1 is added to the variable s (step S511), and the processing is transferred to the step S502
again, and then, the similar processing is repeated.
[0105] In the discrimination of the step S510, when the target position of the deceleration limit curve has been reached
(step S510; Yes), the creation processing of the deceleration limit curve is finished.
[0106] By the way, in order to calculate a deceleration limit curve, a reverse method in which an equation of motion
is solved while advancing a time backward is used sometimes, but when a gradient exists, a solution by the reverse
method sometimes deviates from a solution by a general numerical solution method of a differential equation in which
the equation is solved while advancing a time forward.
[0107] In contrast, according to the method of the present embodiment, a method for solving a differential equation
more accurately is used, and thereby, compared with a reverse method, a deceleration limit curve with more accuracy
can be obtained.
[0108] Next, a shortest time running curve is created based on a pruning algorithm (step S203).
[0109] Fig. 11 is a processing flow chart of a creation processing of a shortest time running curve.
[0110] Here, a variable previous_state, a variable current_state and a variable middle_state which are shown in Fig.
11 will be described.
[0111] In the present embodiment, a control program which has been developed with a high-level language such as
C++ and JAVA (registered trademark) is supposed, as a control program to realize a running curve creation processing.
[0112] Particularly, in C++ and JAVA, it is possible to use a variable length array in which a size of an array can be
varied depending on the number of elements. For this reason, in the present embodiment, a solution candidate at each
time shall be expressed using a variable length array.
[0113] Specifically, a solution candidate is expressed in C++ or the like by a struct such as

 struct phase {
      double position; // position
      double velocity; // velocity
      double energy; // instantaneous energy consumption
      double total_energy; // cumulative energy consumption
      int notch[500]; // a notch number at each time
      int change_count; // the number of times of notch
      changeover
      int notch_continuous_time; // a continuous time of the
      present notch};.

[0114] And, by making

      vector<struct phase> previous_state;
      vector<struct phase> current_state;
      vector<struct phase> middle_state;

a solution candidate should be expressed.
[0115] To begin with, the elapsed time t = 0, the velocity v = 0, the position x = 0 are set to the variable previous_state,
as an initial condition of the departure station, (step S601).
[0116] Next, the equations of motion (differential equation) in the whole notches are solved, for each of the solution
candidates at the elapsed time t + 1, and thereby solution candidates at the elapsed time t are created by the number
of (the number of solution candidates at the elapsed time t) X (notch selection number), and the solution candidates are
stored as the variable current_state, and the variable previous_state is released (cleared) from the memory (step S602).
[0117] Here, a method of creating a solution candidate at the elapsed time t + 1 will be specifically described.
[0118] To begin with, it is assumed that N solution candidates exist at the elapsed time t.
[0119] When a state of an n-th solution candidate in N solution candidates is described as (t, vn(t), xn(t)), a state at
the elapsed time t + 1 is calculated by numerical calculation such as a quartic Runge-Kutta method, using an acceleration
or a deceleration given by a k-th notch NOTCH(k), by setting the n-th state (t, vn(t), xn(t)) as an initial value on numerical
calculation. Here, a quartic Runge-Kutta method has been listed as the numerical calculation example, but a numerical
solution method of an equation of motion is not limited to this.
[0120] By this means, solution candidates at the elapsed time t + 1 are generated by NK pieces.
[0121] Subsequently, regarding a velocity of each of the solution candidates of the variable current_state, whether
the velocity is a value smaller than the acceleration limit curve, the deceleration limit curve and a velocity limitation by
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the position is checked, and only those having a smaller velocity are stored in the variable middle_state, and the variable
current-state is released (cleared) from the memory (step S603).
[0122] The variable middle_state is sorted in descending order (in order from a larger one) of the position, and the
high order K pieces thereof are stored in the variable previou_state, and the variable middle_state is released from the
memory (step S604).
[0123] Here, the higher order K pieces are left, because of preventing the solution candidates from becoming nonex-
istent. The larger the value of K is, the lower the possibility that the solution candidate becomes nonexistent is. However,
if the value of K becomes too large, since the calculation time becomes larger, and thereby it is thought that practically
K = about 20 is proper.
[0124] Accordingly, in the following description, consideration will be made assuming that K = 20.
[0125] Further, the processing is repeated until the condition in which the terminal condition has an allowable width
is satisfied (step S605; Yes), in the same manner as the deceleration limit curve, and t + 1 is set to a shortest running
time, for the elapsed time t when a solution candidate to satisfy the condition is found (step S607).
[0126] In the discrimination of the step S605, when the condition is not satisfied (step S605; No), 1 is added to the
elapsed time t (incremented) (step S606), and the processing is transferred to the step S602 again, and then the similar
processing is repeated.
[0127] Next, a creation processing of an energy saving running curve will be described.
[0128] Fig. 12 is a processing flow chart of a creation processing of an energy saving running curve.
[0129] To begin with, in order to create an energy saving running curve in the running time T which is inputted by the
running curve input processing unit 13, the result of the shortest time running curve creation unit 14 is acquired, and the
result of the shortest time running curve is set as an upper limit value, and one which is obtained by moving the result
of the shortest time running curve in the time direction by the running time T is set as a lower limit value (step S700).
[0130] To begin with, as an initial condition of a departure station, the elapsed time t = 0, the velocity v = 0, the position
x = 0 are set to the variable previous_state (step S701).
[0131] Next, the equations of motion (differential equation) in the whole notches are solved, for each of the solution
candidates at the elapsed time t + 1, and thereby solution candidates at the elapsed time t are created by the number
of (the number of solution candidates at the elapsed time t) X (notch selection number), and the solution candidates are
stored as the variable current_state, and the variable previous_state is released (cleared) from the memory (step S702).
[0132] Subsequently, those satisfying a condition of a solution (position, velocity, number of times of notch changeover,
notch continuous time), in the variable current_state are stored in the variable middle_state, and the variable current_state
is released (cleared) from the memory (step S703).
[0133] The variable middle_state at the elapsed time t + 1 is sorted by a state (quantized position, quantized velocity,
number of times of notch changeover). And one with the smallest cumulative energy consumption amount among the
states which are assumed to be the same state is selected as one of solution candidates, and is stored in the variable
previous_state, and then the variable middle_state is released from the memory (step S704).
[0134] Next, whether or not the elapsed time t = the running time T is discriminated (step S705).
[0135] In the discrimination of the step S705, when the elapsed time t < the running time T yet (step S705; No), 1 is
added to the elapsed time t (is incremented), and the processing is transferred to the step S702 again, and then the
similar processing is repeated.
[0136] In the discrimination of the step S705, when the elapsed time t = the running time T (step S705; Yes), one with
the smallest cumulative energy consumption amount out of the solution candidates stored in the variable previous_state
is selected as an optimum solution (step S707) .
[0137] Next, a condition for checking a solution candidate will be described in detail.
[0138] For simplification, here it will be described to calculate a running curve in the case that a train has run between
certain stations in a running time Tmin + 10, as an example. Here, the shortest running time Tmin is a running time (shortest
running time) when a train has run between the stations in a shortest time.
[0139] It is assumed that a train runs between the stations in a running time Tmin + 10 which is 10 seconds longer than
the shortest running time Tmin.
[0140] Fig. 13 is an (x - t) graph wherein a time is taken on a horizontal axis and a position of a train is taken on a
vertical axis.
[0141] An upper graph indicates the relation of the position x and the elapsed time t in the case of running in the
shortest running time Tmin, and a lower graph indicates the relation of the position x and the elapsed time t in the case
of running in the shortest running time Tmin, after waiting 10 seconds at a departure station.
[0142] Here, the shortest running time Tmin is a time in the case that a train is made to run by making the most of the
performance of a vehicle, and if the performances of vehicles are the same, it indicates that a train cannot run faster
than that time.
[0143] That is, when the performance of a vehicle is determined, the shortest running time Tmin can be obtained uniquely.
[0144] Accordingly, when the position x is closer to the departure station than the lower graph, it is indicated that a
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train cannot arrive at the arrival station (next station) in the running time Tmin + 10.
[0145] Accordingly, the following can be said.
[0146] When a train runs between certain stations in the running time Tmin + 10, a position at the elapsed time t in the
case that the train runs in the shortest running time Tmin between the stations is made Upper[t], and a graph which is
obtained by moving a graph (t, Upper[t]) in the shortest running time Tmin in parallel in the time axis direction by 10
seconds is made (t, Lower[t]). In this regard, it is assumed that when t < 10, Lower[t] = 0.
[0147] When an orbit of a solution in which the energy consumption amount in the running time Tmin + 10 becomes
minimum is made (t, v(t), x(t)), 

is established.
[0148] Here, t is 0, 1, 2, ..., Tmin + 10.
[0149] Fig. 14 is an explanation diagram of a velocity condition.
[0150] Generally, in the railway business world, this graph is called a running curve. Here, in the (v - x) graph, a velocity
V at the position x corresponding to the running time T is written as VT[x]. Then, it is known that the following characteristic
exists, from the result of prior research.

[0151] Here, 0 ≤ x ≤ X
[0152] That is, when seen in the graph (v - x), the running curve of the running time T exists inside the shortest time
running curve.
[0153] However, regarding a result of the shortest time running curve, only a velocity and a position of the train at a
discrete elapsed time t are known, and it is difficult to calculate such result in the same manner as VTmin[x].
[0154] Accordingly, the following equation will be used, in place of the above-described relational expression between
VT[x] and VTmin[x]. To begin with, a velocity and a position at the elapsed time t for an optimum running curve of the
running time Tmin, are respectively made VTmin(t), XTmin(t). α (natural number) which satisfies XTmin(α-1) < x (t) < XTmin
(α) is to be found, for a solution candidate (t, v(t), x(t)) at the elapsed time t. Whether or not the following equation holds
is determined for the found α. 

[0155] This is obtained by approximating VTmin(x) with linear interpolation, using a result of the running time Tmin
which gives an upper limit of a velocity by a position.
[0156] By the way, when a running curve is simply obtained by the above-described method, since a running curve
wherein the cumulative energy consumption amount is small is to be generated, a running curve which is highly operable
to a driver is not always generated.
[0157] For example, in order to operate a vehicle according to the running curve to be generated, there is a possibility
that the notch is to be operated finely at each time, and accordingly, this method may be probably not practical.
[0158] Therefore, in the present embodiment, the number of times of notch changeover until that time is counted, as
a selection condition for a solution candidate, and if one has the number not less than a definite value, the one is excluded
from the solution candidate. For example, when the number of times of notch changeover for running between certain
stations until a train arrives at a next station is set to not more than 10 times, only a variable current_state[i] satisfying
a condition that a variable storing the number of times of notch changeover current_state[i].change_count ≤ 10 is stored
in the variable middle_state.
[0159] In addition, a notch continuous condition is a condition so as not to changeover the notch at a short time interval,
in the same manner as the number of times of notch changeover. When the notch continuous condition is set to not less
than 5 seconds, only the variable current_state[i] which satisfies a condition that a variable storing the notch continuous
time current_state[i].notch_contiuous_time ≤ 5 is stored in the variable middle_state.
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[0160] For this reason, in the above-described step S703, determination is made to the whole solution candidates,
using the position condition, the velocity condition, the condition of the number of times of notch changeover, the notch
continuous time condition, and thereby only those which satisfy these conditions are stored in the variable middle_state.
[0161] Further, in the step S704, the state (t, v(t), x(t)) at the elapsed time t + 1, in the variable middle_state in which
the solution candidates satisfying the respective conditions are stored in the step S703, is quantized with respect to the
velocity and the position, and those having the quantized velocity and position, the number of times of notch changeover,
the notch continuous time which are the same are grouped, and only one having the smallest cumulative energy con-
sumption amount out of those grouped has been left as a solution candidate.
[0162] In addition, in the present embodiment, such an extension as to select the notch so as not to exceed an upper
limit value regarding an instantaneous energy consumption amount can easily be made.
[0163] Here, a quantization processing will be described in more detail.
[0164] Fig. 15 is an explanation diagram of a quantization processing.
[0165] Since a position and a velocity are continuous values, in order to quantize them, the values thereof are quantized
by a definite width, such as, 1 [m] regarding the position, and 0.1 [m/sec] regarding the velocity, for example, and
regarding the position, since the upper limit value Upper[t] and the lower limit value Lower[t] at the time t are determined,
there is a method to quantize a position by dividing the position between Upper[t] and Lower[t] by N. Here, the following
description will be made as a premise that each of a position and a velocity is quantized by a definite width.
[0166] In the present embodiment, since the four conditions of the position condition, the velocity condition, the condition
of the number of times of notch changeover, the notch continuous time condition are used, the state of a solution
candidate is defined by four axes, but since a state in not less than four dimensions is hard to be exemplified, here, the
description will be made using the three conditions of the position condition, the velocity condition, the condition of the
number of times of notch changeover.
[0167] It is assumed that a result that solution candidates at a certain elapsed time t have been subjected to a pruning
operation is in a state as shown in Fig. 15(a).
[0168] The quantization processing divides a (v(t), x(t), n(t)) space into a lattice state (rectangular state) as shown in
Fig. 15(a), and the inside of the same region is assumed to be in the same state (condition). Here, n(t) is a number of
times of notch changeover at the elapsed time t.
[0169] And, if a plurality of solution candidates exist in the same region, one having the smallest cumulative energy
consumption amount in the same region is left as a solution candidate. As a result, it becomes possible to prune more
solution candidates, and thereby a processing time can be more shortened.
[0170] In Fig. 15(b), a black dot indicates one which has remained as a solution candidate in each region.
[0171] In the step S705, whether the elapsed time t coincides with the running time T is determined, and if they are
not coincident (step S705; No), the processing proceeds to a step S706, the elapsed time t is incremented, and the
processing is transferred to the step S702 again.
[0172] In the step S705, if the elapsed time t coincides with the running time T (step S705; Yes), one with the smallest
cumulative energy consumption amount is selected out of the solution candidates as an optimum solution (step S707).
[0173] And in the processing of the step S707, in order to finally select one having the small cumulative energy
consumption amount, the solution candidates are sorted in ascending order (in order from a smaller one) regarding the
cumulative energy consumption amount, and the one should be selected from them based on the sorting result.
[0174] In addition, when a plurality of solution candidates exist at the end time point, one wherein the cumulative
energy consumption amount + penalty(v, x) is the smallest is made an optimum solution.
[0175] Here, penalty(v(T), x(T)) indicates a penalty of an error between the state (T, v(T), x(T)) at the elapsed time t
and the terminal state (T, 0, X). Generally, when a velocity and a position are calculated in an equation of motion, since
a variable of a floating point type is used, the velocity and the position do not completely coincide with the terminal state
in many cases. For the reason, the function penalty(v(T), x(T)) is prepared, and the cumulative energy consumption
amount including errors is evaluated.
[0176] Regarding a method of determining penalty(v(T), x(T)), the following equation is adopted in the same manner
as Non-Patent Document 6 

[0177] Next, a data format of the storage data of the running curve creation result storage unit 16 will be described.
[0178] Fig. 16 is an explanation diagram of a format and a data example of the storage data of the running curve
creation result storage unit.
[0179] In the running curve creation result storage unit 16, data as shown in Fig. 16 is stored for each combination of
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the vehicle ID specifying a vehicle (vehicle information), the ground ID specifying the ground information, and the running
time T.
[0180] In more detail, in addition to the vehicle information, the ground information and the information of the running
time, a shortest running time in the vehicle ID and the ground ID, and a velocity, a position, an instantaneous power, a
cumulative power, and a notch number at each time instant of the set running time are described. If the vehicle ID, the
ground ID and data of the running time T which have been inputted to the running curve input processing unit 13 are in
the state to be previously stored in the running curve creation result storage unit 16, the data is transferred to the running
curve creation result display unit 17, without creating a running curve, and the result should be displayed on the running
curve creation result display unit 17.
[0181] Fig. 17 is a diagram of a running curve which has been visualized, based on the storage data of the running
curve creation result storage unit.
[0182] And the display 28 functioning as the running curve creation result display unit 17 displays a result of a running
curve of the running time T which has been created in the energy saving running curve creation unit 15.
[0183] Fig. 18 shows an example of a running curve to be displayed on the display.
[0184] A running curve in the railway business world is a curve wherein a position is taken on the horizontal axis, and
a velocity and a position are plotted on the vertical axis.
[0185] Also in the present embodiment, a running curve is displayed as shown in Fig. 18.
[0186] In addition, in the display 28 functioning as the running curve creation result display unit 17, the results of the
cumulative energy consumption amounts in the other running times can be compared, and the reduction rates in a
cumulative energy consumption amount can be compared. In the present embodiment, focusing one between-station
of a certain route for simplification, a result of a running curve thereof has been displayed, but it is possible to easily
create a running curve of the whole route from the respective results between stations.
[0187] In addition, when the inputted running time T is smaller than the shortest running time Tmin, since such running
is not physically enabled, it is only necessary to display that such running is not enabled in the inputted running time on
the running curve creation result display unit 17.
[0188] In addition, when the inputted running time T is longer than the shortest running time Tmin, and when data of
a running curve does not exist in the running curve creation result storage unit 16, it is notified to the running curve input
processing unit 13 that the data does not exist in the running curve creation result storage unit 16, and thereby the
running curve input processing unit 13 may start the running curve creation processing.
[0189] As described above, according to the present embodiment, it becomes possible to create a running curve which
is closer to an optimum solution at high speed.
[0190] Further, it becomes possible to automatically create a running curve which is more operable to a driver.
[0191] In the above description, the running curve creation device 10 has been realized as a personal computer, but
it can be realized as a server, or it can be configured to be realized as a so-called cloud on a network.
[0192] In the above-described configuration, it is not necessary to provide the running curve creation result display
unit in an integrated manner, but it is possible to configure to arrange such unit at a user side.
[0193] The control program to be executed in the running curve creation device of the present embodiment is presented
while being recorded in a computer readable recording medium, such as a CD-ROM, a flexible disk (FD), a CD-R, a
DVD (Digital versatile Disk) in a file form of an installable format or an executable format.
[0194] In addition, the control program to be executed in the running curve creation device of the present embodiment
may be configured such that the control program is stored on a computer connected to a network such as Internet, and
is provided by being downloaded through the network. In addition, the control program to be executed in the running
curve creation device of the present embodiment may be configured such that the control program is provided or
distributed through a network such as Internet.
[0195] In addition, the control program of the running curve creation device of the present embodiment may be con-
figured such that the control program is provided while being incorporated in a ROM or the like.
[0196] The control program to be executed in the running curve creation device of the present embodiment has a
module configuration including the above-described respective units (the running curve input processing unit, the shortest
time running curve creation unit, the energy saving running curve creation unit, the running curve creation result display
unit), and regarding an actual hardware, the CPU (processor) reads the control program from the above-described
storage medium and executes it, and thereby the above-described respective units are loaded on the main storage
device, and the running curve input processing unit, the shortest time running curve creation unit, the energy saving
running curve creation unit, the running curve creation result display unit are configured to be generated on the main
storage device.
[0197] While certain embodiments have been described, these embodiments have been presented by way of example
only, and are not intended to limit the scope of the inventions. Indeed, the novel embodiments described herein may be
embodied in a variety of other forms; furthermore, various omissions, substitutions and changes in the form of the
embodiments described herein may be made without departing from the spirit of the inventions. The accompanying
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claims and their equivalents are intended to cover such forms or modifications as would fall within the scope and spirit
of the inventions.

DESCRIPTION OF THE SYMBOLS

[0198]

10 running curve creation device
11 ground information storage unit
12 vehicle information storage unit
13 running curve input processing unit
14 shortest time running curve creation unit
15 energy saving running curve creation unit
16 running curve creation result storage unit
17 running curve creation result display unit
21 MPU
22 ROM
23 RAM
24 external storage device
25 IC card
26 IC card R/W
27 keyboard
28 display
30 ground information data
31 ground ID data
32 station related data
33 speed limitation data
34 gradient data
35 between-station information data
36 between-station distance data
37 starting point data
38 end point data
39 velocity data
40 starting point data
41 end point data
42 gradient value data
50 vehicle information data
51 vehicle ID data
52 type data
53 vehicle body weight data
54 riding rate data
55 formation vehicle number data
56 train length data
57 notch characteristic ID data
T running time
Tmin shortest running time

Claims

1. In a running curve creation device to create a running curve which can make a train having a prescribed vehicle
characteristic run between a prescribed departure station and a prescribed arrival station in a prescribed running
time in a smaller cumulative energy consumption,
the running curve creation device comprising:

a shortest time running curve creation unit to create a shortest time running curve in which the train runs between
the stations in a shortest time, based on predetermined vehicle information and ground information of the train;
and
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an energy saving running curve creation unit which selects, from the shortest time running curve and a plurality
of solution candidates corresponding to states of the train at each prescribed elapsed time since the train has
departed from the departure station, a solution candidate having the relatively small cumulative energy con-
sumption in the prescribed running time, and creates an energy saving running curve based on the selected
solution candidate.

2. The running curve creation device according to Claim 1, wherein:

the state of the train is a distance from the departure station and a velocity of the train at the each prescribed
elapsed time; and
the energy saving running curve creation unit creates the energy saving running curve by making, for each
combination of a prescribed distance range from the departure station and a prescribed velocity range, any one
state belonging to the each combination, as the solution candidate representing the relevant combination.

3. The running curve creation device according to Claim 1 or Claim 2, wherein:

acceleration and deceleration of the train are performed by notch changeover; and
the energy saving running curve creation unit excludes the state of the train in which a number of times of notch
changeover exceeds a prescribed number, from the solution candidate.

4. The running curve creation device according to Claim 1 or Claim 2, wherein:

acceleration and deceleration of the train are performed by notch changeover; and
the energy saving running curve creation unit excludes the state of the train in which a continuous time of the
same notch is less than a prescribed continuous time, from the solution candidate.

5. The running curve creation device according to any of Claim 1 to Claim 4, wherein:

the vehicle information of the train includes a type of the vehicle, a vehicle body weight, a riding rate, a number
of vehicles of a formation, a train length.

6. The running curve creation device according to any of Claim 1 to Claim 5, wherein:

the ground information includes information of a between-station distance, velocity limitation information includ-
ing a section position and an upper limit velocity corresponding to the relevant section position, and gradient
information in the advancing direction.

7. The running curve creation device according to Claim 1, characterized in that:

the energy saving running curve creation unit obtains an upper limit value of a relation of the elapsed time and
a position, from a result of the shortest time running curve created in the shortest time running curve creation
unit, obtains a lower limit value of the relation of the elapsed time and the position, from one which is obtained
by moving the result of the shortest time running curve by the prescribed running time in the time direction, and
selects the solution candidate having the relatively small cumulative energy consumption from the upper limit
value and the lower limit value.

8. In a running curve creation method to create a running curve which can make a train having a prescribed vehicle
characteristic run between a departure station and an arrival station in a prescribed running time with a smaller
cumulative energy consumption,
the running curve creation method comprising:

a shortest time running curve creation step to create a shortest time running curve in which the train runs
between the departure station and the arrival station in a shortest time, based on vehicle information and ground
information of the train; and
an energy saving running curve creation step which selects, from the shortest time running curve and a plurality
of solution candidates corresponding to states of the train at each prescribed elapsed time since the train has
departed from the departure station, a solution candidate having the relatively small cumulative energy con-
sumption in the prescribed running time, and creates an energy saving running curve based on the selected
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solution candidate.

9. The running curve creation method according to Claim 7, further comprising:

an acquisition step to acquire the ground information, the vehicle information and the prescribed running time;
characterized in that:

the shortest time running curve creation step has an acceleration limit curve creation step which, from
information including an initial condition of a velocity and a position in which a maximum acceleration is
used, creates an acceleration limit curve indicating the velocity and the position when the maximum accel-
eration is used; and a deceleration limit curve creation step which searches a condition to satisfy a terminal
condition, and creates a deceleration limit curve indicating the velocity and the position when a maximum
deceleration is used.

10. The running curve creation method according to Claim 7, characterized in that:

the energy saving running curve creation step,
when the train runs between the departure station and the arrival station in the prescribed running time, and
when a position at an elapsed time t when the train runs between the stations in a shortest running time Tmin
is made Upper[t], and a relation which is obtained by moving (t, Upper[t]) in the shortest running time in parallel
in the time axis direction by a difference between the prescribed running time and the shortest running time
Tmin is made (t, Lower[t]),
if an orbit of a solution in which the energy consumption amount in the prescribed running time becomes minimum
is made (t, v(t), x(t)), satisfies 

11. The running curve creation method according to Claim 7, characterized in that:

the energy saving running curve creation step further has a quantization step which quantizes a position and
a velocity by dividing each of them by a definite width, and selects one having the smallest cumulative energy
consumption amount in a divided region as one of the solution candidates.

12. The running curve creation method according to Claim 7, characterized in that:

the condition of the solution includes a number of times of notch changeover, a notch continuation time, in
addition to the position and the velocity.

13. The running curve creation method according to Claim 7, wherein:

acceleration and deceleration of the train are performed by notch changeover; and
the energy saving running curve creation step excludes the state of the train in which a number of times of notch
changeover exceeds a prescribed number, from the solution candidate.

14. The running curve creation method according to Claim 7, wherein:

acceleration and deceleration of the train are performed by notch changeover; and
the energy saving running curve creation step excludes the state of the train in which a continuous time of the
same notch is less than a prescribed continuous time, from the solution candidate.

15. In a control program for controlling, by a computer, a running curve creation device to create a running curve which
can make a train having a prescribed vehicle characteristic run between a prescribed departure station and a
prescribed arrival station in a prescribed running time with a smaller cumulative energy consumption,
the control program making the computer function as:

shortest time running curve creation means to create a shortest time running curve in which the train runs
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between the stations in a shortest time, based on predetermined vehicle information and ground information of
the train; and
energy saving running curve creation means which selects, from the shortest time running curve and a plurality
of solution candidates corresponding to states of the train at each prescribed elapsed time since the train has
departed from the departure station, a solution candidate having the relatively small cumulative energy con-
sumption in the prescribed running time, and creates an energy saving running curve based on the selected
solution candidate.
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